The procedures involving phlebotomy, eg, time of tourniquet application [2] [3] [4] and blood drawing using vacuum tubes 5, 6 are poorly studied as potential sources of errors.
Throughout the world, three different salts of the chelating agent ethylene di-amine tetra-acetic acid (EDTA: C 10 H 16 N 2 O 8 ) are being used for haematological testing: disodium, di-potassium, and tri-potassium EDTA. The potassium salt has an advantage over the sodium salt in that they are more readily soluble in the blood when present in the dry form in the collection container; however, all three salts have been shown to affect red blood cell size, especially after storage of anti-coagulated specimens for a number of hours. 7 Di-and tri-potassium (K2 and K3) salts of ethylenediaminetetraacetic acid (EDTA) are the standard anticoagulants used for routine blood counts. K2-EDTA is mainly used in the United
States, while, in Europe and Japan, K3-EDTA is the preferred preparation. 8 The aim of this study was to evaluate K2-EDTA and K3-EDTA vacuum tubes of IMPROVACUTER ® for routine haematological testing.
| MATERIALS AND METHODS

| Study design
A group of 62 apparently healthy individuals that were referred to MINAR for CBC analysis were included in this study. 
| Collection of diagnostic blood specimens
| Laboratory testing
All samples were processed for routine haematology testing immedi- 
| Statistical analysis
The significance of the differences between K 2-EDTA vacuum tubes and K 3-EDTA vacuum tubes of IMPROVACUATER ® for collection of diagnostic blood specimens were assessed by paired Student's ttest after checking for normality by the D'Agostino-Pearson omnibus test. 11 As non-normal distribution was found for MCV, MCH, MCHC, RDW, and PDW, results were assessed by Wilcoxon ranked-pairs test.
The level of statistical significance was set at P<.05. Finally, the biases from Tube I and Tube II in the first time (<15 minutes) and second time (after 4 hours) were compared with the current desirable quality specifications for bias (B), derived from biological variation according
1/2 where CV w and CV g are, respectively, within-and between-subject CVs, derived from biological variation. 12 The biases for each tube were calculated according to the formula: mean difference (%)=([test tube mean-reference tube mean]/ reference tube mean×100). 13 
| RESULTS
The main results obtained from this study are shown in Table 1 
| DISCUSSION
Pathology laboratories play a central role in patient care and diagnosis.
Though there is lot of automation in haematology and clinical pathology labs, still there are many variables which can influence the lab results. 14 Modern automated haematology systems are designed to meet the needs of high volume laboratories. As medical devices, blood collection tubes should achieve the intended performance levels during defined conditions of use. 15 Even small differences in the concentration of the anticoagulant in blood collection tubes may produce appreciable differences in haematology test results. 16 The results of the present study showed that MPV is influenced when comparing Tube-1 vs Tube-11. With regard to MPV in terms of clinical significance as shown in Table 1 , elevated MPV levels have been identified as an independent risk factor for myocardial infarction in patients with coronary heart disease. 17 Abnormally low MPV values correlate with thrombocytopenia when it is due to impaired production as in plastic anaemia. In addition, low MPV can correlate with abnormally small platelet size, sometimes a symptom of a spectrum referred to as Wiskott-Aldrich Syndrome (WAS). and RDW as shown in Table 1 . In patients with anaemia, it is the MCV measurement that allows classification as either a microcytic anaemia (MCV below normal range), normocytic anaemia (MCV within normal range), or macrocytic anaemia (MCV above normal range. 20 PCT is secreted by thyroid C cells. It is a bioactive peptide. It is secreted and released into the blood in infectious disease which is an indicator of inflammation and infection in clinic. 21 RDW is also associated with mortality in patients with infectious diseases. 22 The platelet indices (MPV, PDW) have been found to be clinically useful in distinguishing immune thrombocytopenic purpura (ITP) from thrombocytopenia caused by underproduction of platelets. Ntaios G and others observed that an increased MPV and PDW were seen in immune thrombocytopenic purpura. 23 Kaito K and others similarly, reported a significantly increased MPV and PDW in ITP than in aplastic anaemia. 24 In this study, we compared the results of K2-EDTA Plastic tubes and K3-EDTA Glass tubes for complete blood count and white cell differentials immediately after collection of blood samples and after 4 hours of blood collection. Plastic tubes recently replaced most glass tubes following the establishment of the Occupational Safety and Health Administration (OSHA) guidelines to improve safety and reduce exposure to blood-borne pathogens. 25 Van Cott et al. 26 showed that the slight differences observed between glass tri-potassium EDTA and plastic di-potassium EDTA tubes for complete blood count, reticulocyte count, and automated white cell differential did not achieve clinical significance.
We decided to evaluate K2-EDTA and K3-EDTA tubes of IMPROVACUTER ® for haematological testing because these are very frequently used in Pakistan especially in Southern Punjab, where the authors are living. Still, further studies are required for quality's laboratory managers from other countries.
